Abstract-The major problem in microwave processing is attenuation of microwave heating source. This work is investigation by simulation on the microwave energy attenuation into the long and thick parts with curve-shaped geometry. Physical properties of final products to be manufactured, in particular the mechanical properties, are directly dependent on uniform repartition of microwave source heating during the treatment. We propose Dielectric Effect of Attenuation Inversion of the Electromagnetic Waves (DEAI) as solution for uniform treatment long and thick parts with curve-shaped geometry with epoxy glass by microwave energy. This solution utilizes dielectric properties of the mold to control the microwave heat source attenuation into the composite to be treated. Electromagnetic modelling of microwave process was carried out by FEMLAB software using finite element. The results show that microwave source heating attenuation into the parts with curve-shaped geometry is important compared with parallelepiped geometry. This attenuation we can controls and inverse it in the propagation direction.
INTRODUCTION
Polymeric materials are usually low in thermal conductivity and high in thermal degradability. These characteristics limit the possible temperature rise and hence the possible reduction of the production time. Application of internal thermal sources (microwave energy) created by the dielectric hysteresis phenomenon offers an alternative. Because; the volume heated isn't dependent on heat transfer by conduction or convection. Microwave heating can generate higher power density then conventional heating methods, enabling increased production speeds and decreased production costs without risk to overheat the surface of materials [1] . By using industrial microwave systems for heating combustible gaseous by-products can be avoided, thus eliminating the need for environmental permits and improving working conditions. In addition; microwave heating systems can be 50% or more efficient than conventional systems, leading to major savings in energy consumption and cost.
The attenuation of microwave source heat into long parts is the major problem of a microwave process [2] . To ensure uniform treatment by microwave energy, the attenuation problem should be solved. Many research works have been carried out on the use of microwave energy for manufacturing process of polymer composite parts, e.g., polymerization of thermosetting matrices. Morey [3] and Kawasa et al. [4] reported manufacturing of composite parts by microwave energy. Ono et al. [5] and Wilson et al. [6] Studied crosslinking of different composites using microwaves energy. Jullien et al. [7] and Aussudre et al. [8] investigated relationship between microwave processing parameters and properties of the final products. There are only a few research papers, however, focused on issues of attenuation and uniform treatment by microwave energy of long composite parts [9] [10] [11] [12] [13] . In this paper, we propose Dielectric Effect of Attenuation Inversion of the Electromagnetic Waves (DEAI) developed by DOUADJI and DELMOTTE as a new way for uniform treatment of epoxy glass by microwave energy. This solution utilizes the dielectric properties of the mold to control the microwave heat source attenuation into the composite to be treated.
II. EASE OF USE MICROWAVE PROCESS AND DIELECTRIC EFFECT OF ATTENUATION INVERSION OF THE ELECTROMAGNETIC WAVES (DEAI)
The fundamentals of electromagnetic theory, dielectric response and applications of microwave heating on processing of materials especially fiber composites, are reviewed by Thostenson [14] . The process microwaves require a parallelepiped waveguide filled by three dielectrics (figure I) in which one represents the mold of the part to be treated. The aluminium applicator has a parallelepiped form (0.12 x 0.25 x 2m).
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FIGURE I. .PRINCIPAL OF MICROWAVE PROCESS
The results of electromagnetic modelling show that the longitudinal distribution of the electric field in material 1 (part with epoxy glass) strongly depends on the thickness of the mold (material 2). Therefore, the attenuation of the wave intensity in material 1 can be essentially eliminated by the proper variation of the thickness of the dielectric mold along the direction of the electromagnetic wave propagation, as illustrated in Figure II . For specific dimensions of the mold, attenuation in the direction opposite to the electromagnetic propagation was already observed [13] .
FIGURE II. SOLUTION PROPOSED FOR UNIFORM TREATMENT
The details about the dielectric effect of attenuation inversion of electromagnetic waves (DEAI) are presented by DOUADJI and DELMOTTE in the previous works [13] . DEAI is solution proposed to uniform heating of thick and long parts with epoxy glass. This solution utilizes the dielectric properties of the mold to control the microwave heat source attenuation into the composite to be treated. For uniform treatment of the epoxy glass thick parts with curveshaped geometry, we propose to use DEAI solution. For this reason we propose to change the geometry of the dielectric mould for to adapt it to curve-shaped geometry of part like represented in the figure III and IV. 
IV. ELECTROMAGNETIC MODELING
The electromagnetic modeling is the resolve of wave propagation equation (1) deduced from the Maxwell equations. We used FEMLAB 3.2 software for the electromagnetic field modeling into a waveguide filled with three dielectric materials (mold with silicone glass; part with epoxy glass and bearing with honeycomb polyethylene. The Boundary conditions are detailed in our previous works [10] 
V. RESULTS AND DISCUSSION
Figures V obtained by FEMLAB software, shows the evolution of electric field along a 10 mm thick composite part corresponding to the configuration of the figure III. a. The table I is the values of electric field attenuation corresponding to different thickness of the mould. It can be seen from the figure V and the table 1; that attenuation of microwave energy represented by electric field norm strongly depends on thickness of the mold. According to table I; the attenuation decrease whit the thickness of the mold. This reduction is due to the absorption of microwave energy by the mold. When the mold mass increases, we observed that the energy absorption and the attenuation increases together. The attenuation is positive independent of the mold thickness. In contrary, according the figure VI and the table II; the attenuation of microwave source energy depends on dimension of the mold and at specific dimensions the attenuation will be negative. We have called this situation in our previous results: Dielectric Effect of Attenuation Inversion of the Electromagnetic Waves. 
VI. CONCLUSION
The first investigations by electromagnetic modelling on the attenuation into the epoxy glass thick parts with curveshaped geometry shows that; the attenuation of energy microwaves depend the thickness and the geometry of the mould. For specific geometry this attenuation can be zero. We suggest for the next work to realize some experiences to demonstrate this solution on the think parts with epoxy glass and epoxy carbon.
